ABSTRACT: Background. The significance of human papillomavirus (HPV) in nasopharyngeal carcinomas (NPCs) in a low-incidence population remains unknown. Methods. Samples from 90 patients with NPC (years, 1957-2012) were analyzed for Epstein-Barr virus (EBV). Clinical data, EBV, HPV, and p16 status were correlated with overall survival (OS; 63 cases; years, 1981 -2012 . Results. Of 9 HPV-positive cases, 3 extended from extra-nasopharyngeal sites. Nasopharyngeal origin was confirmed in 6 cases. HPV-positive NPC had OS similar to EBV-positive NPC (85 vs 141 months; p > .05). The OS of patients with EBV/HPV-negative NPC was worse (34 months; p ¼ .004). Nonkeratinizing histology was associated with better outcome than keratinizing (115 vs 25 months; p ¼ .001). Over the last several decades, the proportion of keratinizing NPC decreased from 34.5% to 14.3% (p ¼ .026). Conclusion. The etiologic role of HPV in NPC is confirmed. The favorable prognostic significance of HPV positivity is similar to that of EBV positivity.
INTRODUCTION
Epstein-Barr virus (EBV) has been long recognized as an etiologic agent of nasopharyngeal carcinoma (NPC), a tumor with distinct racial and geographic distribution. 1, 2 However, over the last decade, several reports identified human papillomavirus (HPV) in NPC. [3] [4] [5] [6] [7] Few of the prior studies focused on low-incidence population and used combination of p16 immunohistochemistry (IHC) and HPV in situ hybridization (ISH) to distinguish pathogenically relevant HPV infection from incidental. 3, 5 Furthermore, because an unequivocal majority of HPV-associated squamous cell carcinomas (SCCs) in the head and neck arise in the oropharynx, 8, 9 it was noted that most if not all HPV-positive "NPC'' might actually represent extension of oropharyngeal SCC into the nasopharynx. 5 The purpose of this study was to estimate the prevalence of HPV-positive NPC by complementing p16 IHC and HPV ISH studies with clinical and imaging data. Once the nasopharyngeal origin of HPV-positive carcinoma was confirmed, for the first time, overall survival (OS) of patients with HPV-positive NPC was directly compared to that of EBV-positive and HPV/EBV-negative NPC and the prognostic significance of histology (ie, keratinizing vs nonkeratinizing), age, sex, and staging was reassessed.
In addition to viral etiology, smoking has been implicated in the carcinogenesis of NPC. 10 Importantly, in low-incidence population, smoking was associated with keratinizing rather than nonkeratinizing NPC. Given the reduction in cigarette smoking in the United States over the last several decades, 11 we hypothesized that decline in tobacco exposure would be associated with lower prevalence of keratinizing NPC. To indirectly test this hypothesis and to describe the morphologic evolution of NPC, demographic, morphologic features, and EBV status were compared between cases diagnosed from 1956 to 1977 and those from 1981 to 2012.
PATIENTS AND METHODS

Patients
Patients from 2 time periods were studied. NPC (WHO type II). 13 Because the clinical significance of differentiated and undifferentiated nonkeratinizing histology is similar, further subtyping of WHO type II was not performed. The nasopharyngeal origin of carcinoma was accepted only if clinical examination (including intraoperative findings) and radiographic data showed the bulk of the tumor in the nasopharynx without any evidence of oropharyngeal or sinonasal extension. The imaging studies of 4 patients with HPV-positive NPC were reviewed by a radiologist (author T.J.R.). In other cases, reports of imaging studies and/or actual imaging studies were reviewed by authors R.L.F. and S.I.C.
The pathology archives of the University of Pittsburgh Medical Center were also searched for NPC diagnosed from 1956 to 1977, as previously described.
14 Thirty-four cases of NPC were identified (referred to as group 2). Hematoxylin-eosin stained slides were available for 29 cases. Formalin-fixed paraffin-embedded tissue blocks were available for 27 of 29 cases. All medical records from that time period had been destroyed; only minimal clinical information provided on pathology reports was available. Unfortunately, patients' ethnicity, smoking history, or clinical follow-up could not be determined for group 2.
This work was approved by the University of Pittsburgh Institutional Review Board (IRB #PRO10100585) and Total Quality Council.
Epstein-Barr virus, human papillomavirus detection, and p16 immunohistochemistry EBV detection was performed by ISH using probes targeting EBV encoded early RNA (EBER; catalog #780-2842; Ventana Discovery XT, Tucson, AZ). All cases tested for EBER were also tested for the integrity of total RNA using RNA-positive control probe. One case from group 2 showed inadequate total RNA preservation and in 3 cases no carcinoma was identified on deeper tissue section used for EBV ISH.
All EBV-negative cases and 8 EBV-positive cases, from 1981 to 2012, were tested by HPV ISH and p16 IHC. The HPV probe cocktail included a wide spectrum of HPV strains including 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, and 52 (Y1404; Dako, Carpinteria, CA) and cases with dot-like/punctate nuclear signal were considered positive. 15 Group 2 patients were not tested for HPV/p16, as correlation with clinical and imaging data to confirm nasopharyngeal site would be impossible.
p16 IHC (G175-405; BD Pharmingen, San Diego, CA) was performed according to the manufacture's protocol. Cases were considered positive if more than 70% of tumor cells showed diffuse strong cytoplasmic and nuclear staining. 16 It was previously reported that p16 IHC is negative in EBV-positive NPC.
17,18
Statistical analysis
The primary endpoint was OS (mean estimated), measured from the date of diagnosis to the date of death from any cause. Alive patients were censored on the date of last follow-up. Kaplan-Meier method and log-rank test were used to examine survival differences among groups. Chi-square or Fisher exact tests were used to examine associations between categorical variables. The t test was used to examine associations between continuous variables. A p value of .05 or less was considered significant. All statistical analyses were done using SPSS Statistics 20 software (IBM, Armonk, NY).
RESULTS
Confirming nasopharyngeal origin of carcinoma in patients diagnosed from 1981 to 2012
To assure the nasopharyngeal site of carcinoma, clinical data and radiographic findings of all 67 patients diagnosed from 1981 to March 2012 were reviewed. History of tonsillectomy was recorded. Four cases were shown to be of non-nasopharyngeal origin and were excluded from further analysis. In 1 case, according to all clinical data, SCC was actually involving the hypopharynx, rather than the nasopharynx (as it was erroneously indicated on the pathology requisition form). In 2 patients with HPV-positive and p16-positive SCC, the bulk of the disease was in the oropharynx.
The fourth excluded case was that of a 50-year-old man (never smoker, no history of alcohol abuse) who presented with VIth cranial nerve palsy. Although the diagnostic biopsy was obtained from the nasopharynx, imaging studies showed that the bulk of the 5 cm mass was in the ethmoid sinus. Histologically, nonkeratinizing HPVpositive SCC (cylindrical) was identified. 19 Patients with confirmed human papillomavirus-positive nasopharyngeal carcinoma A detailed description of patients with HPV/p16-positive NPC is presented in Table 1 (all p16 IHC-positive cases were also HPV ISH-positive). All patients were white. Five patients were men and 1 patient was a woman (case #5). Review of clinical and radiographic data showed no evidence of oropharyngeal or sinonasal involvement. One patient (case #2) had a tonsillectomy 1  44  Hearing loss  T1 N2 M0, III  CRT  Alive  76  Yes  2  49  Neck mass  T1 N1 M0, II  CRT  Dead  51  Yes  3  72  Neck mass  T1 N1 M0, II  NA  Dead  129  Yes  4  59  Sinusitis  T4 N0 M0, IV  NA  NA  NA  Yes  5  59  Unknown  T2 N0 M0, II  NA  NA  NA  NA  6  39  CN VI palsy  T4 N2 M0, IV  CRT  Dead  30  No Abbreviations: OS, overall survival; CRT, chemoradiotherapy; NA, not available; CN, cranial nerve.
and base of tongue biopsy ipsilateral to nasopharyngeal and neck masses; the tonsillectomy and base of tongue biopsy were free of carcinoma. Five cases were nonkeratinizing, whereas case #6 revealed keratinizing histology. EBER ISH was negative in all 6 cases.
Overall characterization of patients with nasopharyngeal carcinoma
Clinical and pathologic data for patients in groups 1 and 2 are compared in Table 2 . When groups 1 and 2 were compared, patients' mean age was similar -53 years (range, 21-85 years; age of 1 man in group 1 was unknown). NPC affected predominantly men, both in group 1 (44 of 63) and in group 2 (25 of 29). Histologically, there was a decrease in number of keratinizing NPC: from 34.5% of patients (10 of 29) in group 2 to 14.3% of patients (9 of 63) in group 1 (p ¼ .026). Combined analysis of 92 patients revealed that keratinizing NPC was seen in patients who were on average 7 years older than patients with nonkeratinizing NPC (59 vs 52 years; p ¼ .04). EBV-positive NPCs were predominant in both groups (15 of 29; 52%; 1956-1977 vs 38 of 63; 60%; 1981-2012). Eight EBV-positive NPCs were tested for HPV ISH and p16 IHC and were negative.
In group 1, presenting symptoms were known for 39 patients. Neck mass was the most common initial complaint (19 of 39; 48.7%), followed by headache (6 of 39; 15.4%), epistaxis (5 of 39; 12.8%), and hearing loss (5 of 39; 12.8%). Adequate history of alcohol intake was available for 31 patients and history of alcohol abuse was noted in 5 patients. Detailed description of patients in group 1 is presented in Table 3 .
Overall survival analysis -role of sex, histology, and Epstein-Barr virus/human papillomavirus status
The median follow-up was 38 months. Male patients had significantly better OS than women (p ¼ .008; Figure 1A ). The OS of women was 40.4 months (95% confidence interval [CI], 25-56 months), whereas for men it was 130 months (95% CI, 67-193 months). Nonkeratinizing histology of NPC was associated with better outcome than keratinizing (p ¼ .001; Figure 1B) . The OS of patients with keratinizing NPC was 25 months (95% CI, 8-42 months), whereas for patients with nonkeratinizing NPC, it was 115 months (95% CI, 62-169 months). In subgroup analysis, the adverse prognostic significance of keratinizing morphology was maintained both among women (p < .001) and men (p ¼ .003).
When HPV status of EBV-negative NPCs was not accounted for, the OS of patients with EBV-positive NPC was significantly longer than of those with EBV-negative NPC (p ¼ .013; Figure 1C) : the OS of patients with EBV-positive NPC was 141 months (95% CI, 69-212 months), whereas for patients with EBV-negative NPC, it was 46 months (95% CI, 26-65 months).
The OS of patients with HPV-positive NPC (85 months; 95% CI, 31-139 months) was not significantly Abbreviations: EBV, Epstein-Barr virus; Pos., positive; HPV, human papillomavirus; Neg., negative; Hist., histological type; Ker., keratinizing; NK, nonkeratinizing; CRT, chemoradiotherapy; RT, radiotherapy. * Eight EBV-positive nasopharyngeal carcinoma (NPC) were shown to be HPV in situ hybridization (ISH) and p16 immunohistochemical (IHC)-negative. † In the group of EBV-positive/unknown HPV nasopharyngeal carcinomas, 2 were of Asian race and 1 patient was of Middle Eastern ethnicity. ‡ Smoking history was unknown for 32 patients (EBV-positive/unknown HPV, n ¼ 20; EBVnegative/HPV-positive, n ¼ 1; EBV-negative/HPV-negative, n ¼ 11). § Pathological T classification was unknown in 34 cases (these patients were not treated surgically). || Pathological N classification was unknown in 25 cases (formal neck dissection was not performed). ¶ Clinical stage was unknown for 19 patients. One EBV-negative/HPV-negative patient presented with stage I disease. ** Therapeutic modality was unknown for 13 patients and 2 patients received no treatment.
different from that of EBV-positive NPC (141 months; 95% CI, 69-212 months). However, the OS of patients with EBV-negative and HPV-negative NPC was significantly shorter (34 months; 95% CI, 18-51 months; p ¼ .004; Figure 1D ). Age, TNM classification, and clinical stage were not predictive of OS.
DISCUSSION
Our analysis of NPC in a low-incidence population showed that about 40% of cases were EBV-negative. This finding and prior reports [3] [4] [5] [6] [7] prompted us to test EBV-negative cases for HPV. Indeed, 9 of 66 cases were HPV-positive. However, 3 HPV-positive carcinomas did not seem to originate in the nasopharynx: in addition to previously reported possibility of HPV-positive oropharyngeal carcinoma extending to the nasopharynx, 5 we presented a case of an HPV-positive sinonasal SCC (cylindrical) 19 masquerading as NPC. Therefore, oropharyngeal or sinonasal carcinoma extending to the nasopharynx should be excluded before accepting the diagnosis of an HPV-positive NPC. We have identified 6 HPV-positive cases, representing 24% (6 of 25) of EBV-negative NPCs. Previously, HPV positivity in SCCs metastatic to cervical lymph node in patients with occult primary carcinoma was considered indicative of oropharyngeal source. 20 Our results highlighted the need to consider the nasopharynx and sinonasal tract, as well.
In addition, for the first time, we show that HPV-positive NPCs seem to have OS similar to that of EBV-positive NPC. Others have reported favorable prognostic significance of EBV-positivity in NPC in low-incidence population (with unknown HPV status). 21 Routine testing of EBV-negative NPC for HPV/p16 may help to identify a subset of NPC with worse outcome (ie, patients with EBV-negative and HPV-negative NPC). Previously, HPV was detected in NPC with keratinizing 22, 23 and nonkeratinizing 3 histology. Accordingly, we found 5 of 54 nonkeratinizing NPCs and 1 of 9 keratinizing NPCs to be HPV positive. HPV in NPC was previously associated with keratinizing morphology, 23 a known adverse factor. 24, 25 Given this association, we reevaluated and confirmed the adverse prognostic significance of keratinizing morphology in a cohort of patients with NPC with known EBV and HPV status. The low number of HPV-positive NPCs precluded subgroup analysis to discern the prognostic significance of histology in this subset of NPC.
Comparison of NPC in patients from 1956 to 1977 to those from 1981 to 2012 revealed that keratinizing histology was more common in the earlier group. This finding expands on and is consistent with the predominance of keratinizing histology previously reported in a study of NPC diagnosed in the United States over 1 time period, 1985 to 1994. 26 In agreement with a prior report, 26 patients with keratinizing NPC were older compared to patients with nonkeratinizing NPC. Although smoking history in our report is inadequate, the link between risk of developing keratinizing NPC and cigarette smoking was previously noted. 10, 27 The decrease in prevalence of keratinizing NPC is consistent with the overall decline in cigarette smoking in the United States over the last several decades. 28 This study is limited by its retrospective design, incomplete demographic, smoking data (especially for group 2), low sensitivity of HPV detection methods, and lack of data on HPV subtypes. Furthermore, patients presented in this study were treated over a decades-long period. Changes in histological classification, staging, treatment protocols, and lack of HPV status in prior studies preclude adequate comparisons to other reports. Low number of patients in certain clinicopathological subgroups limited interpretation of some of our findings. For instance, women with NPC had worse outcome in this study. The significance and the reason behind this finding are unclear.
Prior studies have shown that a subset of EBV-positive NPC may also harbor HPV (9 of 15 cases 6 and 14 cases, all patients of Asian ethnicity 29 ). These studies were performed in an ethnically different population and had advantage of more sensitive methods of HPV and EBV detection (eg, sequencing and polymerase chain reaction). In our study, 8 EBV-positive cases were p16 IHC and HPV ISH negative.
In summary, this study of NPC in a predominantly low-incidence population confirmed the existence of bona fide HPV-positive NPC. Routine testing for HPV/p16 of EBV-negative NPC may be of clinical interest, particularly in patients with occult primary carcinoma, in which HPV positivity should direct the clinician to investigate the nasopharynx and sinonasal area in addition to the oropharynx. We showed that prognostic significance of HPV positivity in NPC was similar to that of EBV positivity. The adverse prognostic impact of keratinizing histology was reassessed and confirmed in our cohort of NPC with known HPV status. Finally, morphologically, NPC evolved over the last several decades to predominantly nonkeratinizing histology.
